Abstract Ineffective parenting practices may maintain or exacerbate attention deficit/hyperactivity disorder (ADHD) symptoms and shape subsequent development of disruptive behavior disorders (DBD's) in youth with ADHD. Recent theoretical models have suggested that parenting may exert effects on ADHD via its role in child temperament. The current study aimed to evaluate the indirect effects of parenting dimensions on child ADHD symptoms via child temperament. Youth ages 6-17 years (N=498; 50.4 % ADHD, 55 % male) completed a multi-stage, multi-informant assessment that included parent, child, and teacher report measures of parenting practices, child temperament, and ADHD symptoms. Statistical models examined the direct and indirect effects of maternal and paternal involvement, poor supervision, and inconsistent discipline on inattention and hyperactivityimpulsivity via child temperament and personality traits. Results indicated differential patterns of effect for negative and positive parenting dimensions. First, inconsistent discipline exerted indirect effects on both ADHD symptom dimensions via child conscientiousness, such that higher levels of inconsistency predicted lower levels of conscientiousness, which in turn, predicted greater ADHD symptomatology. Similarly, poor supervision also exerted indirect effects on inattention via child conscientiousness as well as significant indirect effects on hyperactivity-impulsivity via its impact on both child reactive control and conscientiousness. In contrast, primarily direct effects of positive parenting (i.e., involvement) on ADHD emerged. Secondary checks revealed that similar pathways may also emerge for comorbid disruptive behavior disorders. Current findings extend upon past work by examining how parenting practices influence child ADHD via within child mechanisms and provide support for multi-pathway models accounting for heterogeneity in the disorder.
ADHD, which may exacerbate child behavioral difficulties (Modesto-Lowe et al. 2008) .
In addition to its relevance to ADHD, parenting has long been cited as an important contributor to child externalizing problems more generally (Marmorstein and Iacono 2004; Patterson et al. 1989 ). However, because most children with oppositional defiant (ODD) and conduct disorder (CD) also have ADHD, reviews have been forced to note ambiguity regarding whether parenting specifically influences ADHD (Deault 2010; Johnston and Mash 2001) . Some past work has shown that ineffective parenting practices (i.e., inconsistent discipline, low involvement) are associated with child ADHD symptoms (Johnston and Jassy 2007; Lindahl 1998) , even after controlling for comorbid ODD and CD (Ellis and Nigg 2009 ). However, other lines of research have indicated that negative parenting behaviors, including inconsistent discipline, may predict and exacerbate the development of subsequent child disruptive behavior disorders (DBDs) among youth with ADHD (Deault 2010; Johnston 1996; Johnston and Jassy 2007) . Parenting effects on ADHD and DBDs may also be dependent upon child genotype (Martel et al. 2011) . Taken together, suboptimal parenting practices appear to compound child ADHD symptoms, potentially leading to the development of comorbid problems.
So how might parenting influence or exacerbate ADHD symptoms? One potential mechanism is that parenting may shape children's temperamental self-regulation capabilities, which in turn are salient predictors of children's adjustment (Kiff et al. 2011; Rothbart and Bates 2006) . We make five fundamental observations about child temperament to set the stage for this study. First, child temperament can be defined as individual variation in reactivity and self-regulation abilities, and temperament-related behavior involves tendencies to positive emotionality (sometimes labeled as surgency or extraversion), negative emotionality (sometimes labeled as neuroticism), agreeableness/hostility (sometimes seen as personality rather than temperament), and capacity to effortfully control cognition, attention, and emotion (Eisenberg et al. 1996 (Eisenberg et al. , 2005 Finzi-Dottan et al. 2006; Nigg 2006b; Rothbart 2012) . While temperament was traditionally seen as biological and heritable, contemporary understanding recognizes that surface behavioral traits seen as temperament are only moderately heritable and are also influenced by socialization (Deater-Deckard 2014; Nigg 2006b; Rothbart 2012) .
Second, because they are attempting to describe child behavior, temperament and psychopathology are both influenced by genetic and psychosocial factors and inevitably compete to describe some of the same behavioral terrain. Indeed, effortful control and ADHD both appear to be underpinned by similar executive processes (Berlin et al. 2004; Bridgett et al. 2013) . Nonetheless, temperament traits can be conceptually and empirically distinguished from ADHD (Lahey 2004; Martel and Nigg 2006; Nigg 2006b; Nigg et al. 2004 ).
Temperament can be thought of as an individual liability (or protective) factor for subsequent emergence of ADHD. It is conceptually an early emerging set of behavioral tendencies that may set the stage or create vulnerability for ADHD.
Third, temperament necessarily includes psychosocial inputs as well. A recent theoretical model posited by DeaterDeckard (2014) amplifies the idea that the development and maintenance of self-regulation, a key aspect of temperament, is influenced by familial factors, including parenting. That is, through socialization during childhood and adolescence, parents manage the home environment and both scaffold and model appropriate behavior and self-regulation for their children. Ineffective or suboptimal parenting (e.g., insufficient parental responsiveness/warmth) may then disrupt the trajectory of self-regulation development (Bernier et al. 2012; Davidov and Grusec 2006) , contributing to the onset and maintenance of child psychopathology including ADHD (Kim and Deater-Deckard 2011; Nigg 2000; Nigg et al. 2004) . It is important to note, however, that parenting behaviors themselves are, in turn, shaped over time by the ongoing development of child self-regulatory capacities (Kaiser et al. 2010; Kiff et al. 2011) , which strengthen as youth mature (Best and Miller 2010) .
Fourth, several temperament traits are promising tools for describing and understanding heterogeneity in ADHD. Specifically, different levels of child temperament characteristics (e.g., low conscientiousness to inattention, low reactive control to hyperactivity) partially map onto the well-established ADHD sub-domains of inattention and hyperactivityimpulsivity (Martel and Nigg 2006; Nigg et al. 2004) . Further, children with temperamentally-defined low effortful control and high impulsivity (an ADHD-like profile) have consistently been found to be more susceptible to the negative effects of ineffective parenting practices (Kiff et al. 2011) .
Finally, with respect to developmental cascade models as well as etiological pathways to ADHD, child temperament traits can be seen not only as a liability factor of ADHD but also can be posited as a useful early developmental phenotype or precursor of ADHD (Martel et al. 2012; Nigg et al. 2004 ). The principal focus of the present study, while keeping these considerations and models in mind, is to address how child temperament traits and positive and negative parenting behaviors come together to statistically predict the severity of ADHD symptomatology.
Prior work has suggested that indirect effects, such as those proposed in the model by Deater-Deckard (2014) may be one way for understanding how these processes converge in the development of ADHD and other externalizing disorders. For instance, inadequate parenting practices have been found to influence child ODD and CD symptoms via their association with levels of effortful control in children (Chang et al. 2011) . Empirical work has yet to test the hypothesis that parenting may be indirectly associated with ADHD symptoms via its relation with child temperament. For this hypothesis to be true, it should at minimum hold in cross sectional data; affirmation there could justify a more ambitious longitudinal investigation.
Yet, even if such effects are seen, it is unlikely that the association of parenting with child ADHD symptoms is statistically mediated through one single child temperament trait. Prior work suggests that multi-trait descriptors are needed to understand ADHD (Martel and Nigg 2006) . Therefore, we aimed to test indirect effects in such a way as to allow for the concurrent examination of several statistical mediators. Methodologically this approach is also advantageous because multiple mediation is more parsimonious than single mediation as these models can simultaneously examine the combined and unique indirect effects of each individual temperament trait, while also taking into account their inter-correlations with one another.
By investigating the indirect association of parenting on ADHD via temperament, this study extends upon past work by examining how parenting behavior and within-child mechanisms simultaneously shape ADHD symptom dimensions, as well as illuminate more nuanced contributions to the multiple pathways of ADHD and comorbid DBDs. The aim of the current study was to examine if parenting dimensions exerted indirect effects on ADHD symptoms via their impact on child temperament traits. Using a cross-sectional design, we hypothesized that, in general, indirect effects of parenting on ADHD symptoms would indeed emerge, such that parenting dimensions would impact ADHD symptoms via child temperament traits. Additionally, based on prior work by Martel and Nigg (2006) and Ellis and Nigg (2009) , two traits of particular interest included effortful control/conscientiousness and reactive control (Eisenberg et al. 2005) , as these traits are important components of self-regulation and have been implicated in developmental pathways to ADHD.
Method

Participants
Participants were 498 youth ages 6-17 years-old (M = 10.8 years, SD=2.3 years; 55 % male). Participants were recruited from the community using several strategies in order to avoid the biases inherent in a purely clinic-referred sample. Recruitment tools included mass mailings to parents in the neighboring school districts, posting of public advertisements, and community outreach to local clinics. Racial and ethnic composition of the sample was similar to the surrounding area (73.3 % Caucasian, 8.8 % African-American, 5.0 % Hispanic/ Latino, 11.2 % multi-ethnic) as were levels of parental education (51.0 % of mothers and 53.7 % of fathers reported completing high school or some college, whereas 26.1 % of mothers and 27.1 % of fathers reported completing a Bachelor's degree). Youth and their parents completed a multi-stage, multi-informant assessment procedure to determine ADHD diagnostic status as well as the presence and absence of comorbid disorders.
During stage 1, a parent completed a telephone screen to assess for exclusion criteria, which included a child history of intellectual disability, neurological impairments, seizure history, physical handicap, autistic disorder, or prescription of long-acting psychoactive medications (e.g., bupropion, antidepressants). At stage 2, parents and their children completed a diagnostic testing visit. During the visit, parents completed a semi-structured interview, the Kiddie Schedule for Affective Disorders and Schizophrenia (KSADS-E; Puig-Antich and Ryan 1986) with trained masters level clinicians to evaluate onset, occurrence, persistence, and impairment for DSM-IV Axis I disorders, including ADHD. Interviewers all viewed and scored a common set of 20 KSADS-E interviews to ensure reliability with a standard. Agreement rates were moderate to high for ratings of ADHD symptoms of inattention (κ= 0.94) and hyperactivity-impulsivity (κ=0.81) as well as for comorbid DSM-IV diagnoses with a base rate of 5 % or greater (κs ranged from 0.74 to 0.92). Teachers and parents also completed several standardized rating scales, including the DSM-IV ADHD Rating Scale (DuPaul et al. 1998 ) and the Conners' Revised Rating Scale (Conners 1997) . Teachers and parents were instructed to rate and describe their child's behavior off of their medication. While parents met with the interviewer during the diagnostic visit, children completed IQ and academic achievement assessments.
To determine final diagnostic status for participating youth, data from the parent and teacher rating scales combined with interview notes, observations, and history of treatment were evaluated by a diagnostic team comprised of a board-certified child psychiatrist and licensed child psychologist. Each professional arrived independently at a diagnosis for ADHD and all other Axis I disorders using a best-estimate procedure; any disagreements were resolved upon discussion. Their independent agreement rates were acceptable for all diagnoses with base rate >5 % in the sample (all ks>0.75) and agreement for ADHD, ODD, and CD were all acceptable (all ks>0.80). Based on these procedures, the final sample included 498 youth, which was comprised of 251 ADHD cases and 213 non-ADHD controls. Additionally, 34 youth had subthreshold/situational ADHD (e.g., 5 symptoms in one dimension or lack of cross-informant convergence on symptom presence between parents and teachers.) These youth were excluded for all tests of group differences, but included for all tests of dimensional associations. All study procedures were approved by the local Institutional Review Board.
Parents provided written consent and children provided written assent.
Measures
Following the diagnostic visit, eligible families were invited to return to a second lab visit. Youth completed a neuropsychological testing battery as well as questionnaires regarding parenting. Parents completed measures of their child's temperament. The key measures included in the current study are listed below.
ADHD Symptoms Parents and teachers completed the DSM-IV ADHD Rating Scale (DuPaul et al. 1998) , which asks informants to rate children on the core characteristics of ADHD (i.e., inattention, hyperactivity, and impulsivity) on a Likertscale (0-3), indicating whether each symptom occurs BNever or Rarely,^BSometimes,^BOften,^or BVery Often^for the child. The DSM-IV is in line with DSM-5 such that informants evaluate children on two dimensions of ADHD including 9 symptoms of inattention and 9 symptoms of hyperactivity-impulsivity. The final sum score for parent and teacher ratings of symptom dimensions were retained and a mean composite was computed for all subsequent analyses, based on recent work suggesting enhanced validity of average ratings (Martel et al. 2015) . Internal consistencies for the inattention (α parent=0.93, α teacher=0.91) and hyperactivity (α parent=0.90, α teacher = 0.88) scales were adequate.
CD and ODD Symptoms Parent report on the KSADS-E (Puig-Antich and Ryan 1986) was used to assess symptoms of ODD and CD. The KSADS-E asks parents to rate the presence or absence of the 8 DSM-IV ODD symptoms and 15 DSM-IV CD symptoms. Additionally, teachers provided Likert ratings (never, sometimes, often, and very often) for 8 CD items and 8 ODD items from the DBD rating scale (Pelham et al. 1992 ); a sum score was then computed and retained for subsequent analyses. Internal consistencies were adequate for teacher report of both CD (α=0.81) and ODD (α=0.94).
Child Temperament Characteristics Parents also completed the common language version of the California Child Q-Sort (CCQ; Caspi et al. 1992 ) to assess youth temperament traits. Similar to a standard Q-Sort methodology, the CCQ has 100 cards that must be placed in a forced-choice, nine-category rectangular distribution. The informant rates child temperament traits by placing the descriptive cards in one of the nine categories. These categories range from one (least descriptive) to nine (most descriptive). The CCQ has been used to assess temperament across development during childhood and adolescence (Eisenberg et al. 2005; Martel et al. 2007 ). Five temperament traits were assessed using the Q-sort: reactive control, resiliency, negative emotionality, conscientiousness (proxy for effortful control), and agreeableness, based on prior theoretical conceptualizations (Eisenberg et al. 1996 (Eisenberg et al. , 2005 and empirical work linking temperament traits to the development of ADHD and comorbid externalizing behaviors (Martel and Nigg 2006; Martel et al. 2007 ). Reactive control is conceptualized as the automatic modulation of emotion and behavior and is conceptualized as related to bottom up response systems in the brain, whereas effortful control (or conscientiousness) is defined as the relatively intentional cognitive control of emotional states and subsequent behavior and is likely associated with the top-down processes in the brain. Negative emotionality is the inclination for individuals to experience negative emotion such as anxiety or stress (Eisenberg et al. 1996) and is thought to be associated with general emotion dysregulation and DBDs (Sanson and Prior 1999) . Finally, resiliency is defined as the ability to shift the modulation of reactive and effortful control depending on the context of a situation (Eisenberg et al. 1996) . All traits demonstrated adequate internal consistency (αs range from 0.73 to 0.84).
To avoid the potential confound that could result from inclusion of identical or near-identical items (i.e., artificially inflated correlations between personality traits and symptoms) between traits and ADHD measures, items were rated for similarity by two raters. Items that were judged by both raters as identical or near identical were removed from the temperament or ADHD scale so long as adequate scale reliability could be retained, as detailed in (Martel and Nigg 2006) . This resulted in the removal of 2 items from reactive control, 1 from effortful control, 3 inattention, and 2 items from the hyperactivityimpulsivity scale to avoid overlap with ADHD. No overlapping items with ODD or CD were identified.
Parenting Behaviors The Alabama Parenting Questionnaire (APQ) was administered to participating youth to evaluate parenting styles (Shelton et al. 1996) . This 42-item scale assesses different dimensions of parenting behaviors (e.g., parental involvement, poor monitoring/supervision, and inconsistent discipline). Past work indicates this measure demonstrates adequate reliability (Ellis and Nigg 2009; Essau et al. 2006 ) and convergent validity, displaying substantial and statistically significant correlations with interviews about parenting (Essau et al. 2006) . Questions were read to children under the age of 12 in order to ensure comprehension of the items and completeness. Four subscales from the APQ were of interest in the current study; maternal and paternal involvement (e.g., BYour parent asks you about your day in school,^α= 0.79 for paternal involvement, α=0.81 for maternal involvement; poor monitoring/ supervision, e.g., BYou go out after dark without an adult with you,^α=0.77; inconsistent discipline, e.g., BYou talk your parents out of punishing you after you have done something wrong,^α=0.71). Harsh discipline was omitted due to low reliability (α=0.49).
Data Analysis
Data analysis was performed using the Mplus software package (Muthen and Muthen 1998-2013) . The use of robust maximum likelihood estimation with the Mplus software package allows for statistical control of normality and outliers. To address non-independence of sibling data (sample included 205 sibling pairs and 88 singleton children), Mplus uses a clustering feature that takes into account the non-independence of the data when testing models for significance and computing test statistics.
Descriptive statistics and group differences were examined through the use of chi-square statistics and ttests. Bivariate correlations were performed in order to examine associations between variables. Finally, we tested for direct and indirect effects based on methodology by Preacher and Hayes (2008) using full information maximum likelihood techniques to address any missing data. In each model, parenting dimensions (child report) were entered as the predictor variable and ADHD symptom dimensions (mean composite of parent and teacher reports) were the outcome measure. Temperament traits (all parent report) of reactive control, resiliency, negative emotionality, conscientiousness (for effortful control), and agreeableness were examined simultaneously as multiple statistical mediators of the association between parenting and ADHD symptoms. Both the total indirect effects and the point estimates for each trait are estimated using this procedure. Sex, age, ethnicity, ODD and CD symptoms were included as covariates in all models.
Preacher and Hayes (2008) enumerate numerous advantages to specifying and testing one multiple mediation model versus separate simple mediation models. First, testing the total indirect effect of parenting on ADHD symptoms is comparable to performing a regression analysis with several predictors; thus, we can determine if an overall effect exists. Consequently if an effect is found, one can assume that the set of mediators (temperament traits) partially accounts for any effect of parenting on child ADHD symptoms. Second, using this method, it is possible to determine to what extent specific trait variables account for the association between parenting and child ADHD, conditional on the presence of the other traits in the model. That is, we can determine the magnitude of the contribution of each temperament trait to the relationship between parenting and child ADHD. Finally, including several mediators in a model allows us to examine the relative magnitude of the specific indirect effects associated with all the mediators.
Given the clustered nature of the sibling data, delta method standard errors were computed (as bootstrapped confidence intervals could not be computed with clustered data).
Importantly, however, the temporal ordering of variables in our primary model cannot be assured due to the crosssectional nature of the data. Thus, we also conducted a series of alternative models that instead examine the impact of temperament traits on ADHD via their effects on parenting practices, consistent with prior work suggesting that child-driven effects on parenting behaviors may shape the development of ADHD and comorbid DBDs (Burke et al. 2008) . Lastly, we also ran models examining DBD symptoms as outcomes (with ADHD covaried) to examine the specificity of effects.
Results
Demographic and Descriptive Statistics
Demographic and descriptive statistics are presented in Table 1. Results indicated that our diagnostic procedures were effective in discriminating the control group from the ADHD group. As expected, the ADHD group had significantly higher total symptom counts for all symptom domains measured by both parent-and teacher-report (p<0.001). Although the two groups did not differ in ethnicity composition, consistent with population distributions the ADHD group consisted of proportionally more males than the control group (p<0.001) so sex was covaried in all analyses. As expected, the ADHD group also had significantly more ODD and CD symptoms (p<0.001). Given these differences, models included child sex, age (as a precaution), medication history, and DBD symptoms as covariates. Although not different i n race/ethnicity, we also included these variables as covariates in all mediation models.
Next, we examined differences between the control and ADHD children on parent report of child temperament characteristics and child report on parenting (see Table 1 ). As seen there, parents of ADHD-children were significantly more likely than the parents of the control group to classify their children as low (i.e., least descriptive) on traits of reactive control, resiliency, conscientiousness, and agreeableness (p<0.001, d's=−0.76, −0.86, −1.69, and −0.58, respectively) and high (i.e., most descriptive) on negative emotionality (p<0.001, d=0.63). Finally, group differences were observed on child report of parenting on the APQ. Specifically, ADHD-youth reported lower levels of maternal involvement (p<0.01, d=−0.29) and paternal involvement (p < 0.01, d = −0.30) and higher levels of poor supervision/monitoring (p < 0.001, d = 0.34), and inconsistent discipline (p < 0.001, d = 0.33) compared to the control group.
Bivariate Correlations
Zero-order correlations for parent report of child temperament, child report of parenting, and the mean of parent and teacher report for ADHD symptoms can be seen in Table 2 . Of note, similar to past work (Martel and Nigg 2006) , bivariate correlations revealed several relations between inattention and temperament characteristics. Note that these reflect the correlations after removing overlapping items as described in Martel and Nigg (2006) . In addition, Table 2 also displays the bivariate correlations for parent report of child temperament characteristics and child report of parenting behaviors. As seen there, child inattention and hyperactivity were modestly correlated with parenting variables (rs ranged −0.18 to 0.21) and moderately correlated with child temperament traits (rs ranged from −0.69 to 0.33).
Primary Tests of Direct and Indirect Effects
Inconsistent Discipline The model for parent inconsistent discipline and child inattention is depicted in Fig. 1a . The direct effect of inconsistent discipline on inattention was statistically Fig. 2a , the direct association of lower maternal Fig. 1 Mediational model depicting direct and indirect effects of inconsistent discipline and poor parental supervision on child ADHD symptoms. *p<0.05,** p<0.01, ***p<0.001 Fig. 2 Mediational model depicting direct effects of maternal and paternal involvement on child ADHD symptoms. * p<0.05, **p<0.01, ***p<0.001 involvement with hyperactivity was significant (β=−0.07, [−0.14, −0.01, p=0.050), whereas sum of the indirect effects was not (β=−0.04, [−0.09, 0.01], p=0.17). Thus, temperament effects were not contributory for maternal involvement.
Paternal Involvement Paternal lower involvement was associated directly with both inattention (see Fig. 2b ; 
Temporal Ordering of Variables and Equivalent Models
As mentioned earlier, the temporal ordering of the variables in our mediation models cannot be assured (due to the crosssectional nature of the data), and the problem of model equivalency must be considered in interpreting the data. To this end, we conducted a secondary analysis of an alternative plausible model, which posits that child temperament traits statistically predict ADHD symptoms via their association with parenting dimensions (similar to theoretical and empirical work hypothesizing child-driven effects on parenting, see Burke et al. 2008) . In these models, the four parenting dimensions were entered as simultaneous statistical mediators of the association between child temperament and ADHD symptom dimensions, and again, both direct and indirect effects were examined. Results indicated that all direct effects of child temperament traits on ADHD symptoms were significant (ranging from −0.64, to 0.31, all p<0.001), as expected based on prior work (Martel and Nigg 2006) . However, the indirect effects of child temperament on ADHD symptoms via parenting dimensions were not reliable (all ps>0.06), with one exception. Indirect pathways between reactive control and ADHD symptoms via parenting were statistically significant for inattention (β = −0.04, p < 0.001) and hyperactivity-impulsivity (β = −0.02, p=0.03). However, none of the specific indirect effects (via any one specific parenting dimension) were significant (all ps>0.09).
Specificity to ADHD
Given past work indicating that problematic parenting may lead to the development of disruptive behavior problems among youth with ADHD (Pfiffner et al. 2005) , we also conducted secondary checks to evaluate the specificity of these effects to ADHD. Therefore, we re-ran all models with ODD and CD symptoms scores as the outcome rather than ADHD (with ADHD covaried, to ensure we did not Brediscover^the preceding findings due to the overlap of ADHD and ODD/ CD). Because the method of assessment of ODD and CD varied between parents and teachers (i.e., parents completed the KSADS-E to assess ODD/CD, whereas ODD and CD ratings were provided via questionnaire by teachers), we examined ODD and CD as outcomes separately by informant. When utilizing parent-report of ODD and CD symptoms, no significant indirect pathways emerged, indicating that child temperament traits did not account for the association between parenting and disruptive behavior symptoms. However, direct effects did indeed emerge between inconsistent discipline and ODD (β = 0.08, p = 0.03), and between poor supervision/ monitoring and CD (β=0.09, p=0.04). However, when utilizing teacher reports of ODD and CD, results revealed some overlap with our primary analyses examining ADHD. Inconsistent discipline and poor supervision both exerted indirect effects on ODD (β=0.069, p=0.002) and CD symptoms (β=0.04, p=0.004) via child conscientiousness (and also via agreeableness for ODD). However, these indirect effects emerged in the absence of direct effects of inconsistent discipline and poor supervision/monitoring on ODD and CD. Further, while analyses revealed significant direct effects of paternal involvement on ODD (β=−0.16, p=0.001) and CD symptoms (β=−0.13, p=0.02), no significant indirect effects involving child temperament traits emerged. Further, no significant direct or indirect effects emerged when examining maternal involvement as a predictor of ODD and CD symptoms.
Discussion
The current study sought to explicitly test for the presence of indirect effects of parenting on child ADHD symptoms via child temperament characteristics. Consequently, we were able to simultaneously examine the direct effects of parenting on ADHD as well as indirect pathways involving child temperament traits as statistical mediators of these associations within the limitations of cross-sectional data. Consistent with our hypotheses, indirect effects of parenting on ADHD via child temperament did indeed emerge. Results indicated that inconsistent discipline exerted indirect effects on ADHD symptoms via its impact on child conscientiousness. Consistent with the current findings, past work has highlighted the association of inconsistent parenting with the severity and/or persistence of ADHD symptoms (Ellis and Nigg 2009; Lindahl 1998; Martel et al. 2011 ). The present study extends upon this past work by demonstrating that inconsistent discipline may partially influence child ADHD symptoms via child conscientiousness. Also in line with our hypotheses, poor parental supervision and monitoring predicted higher hyperactivity-impulsivity symptoms via child temperament traits of reactive control and conscientiousness, consistent with past work (Ellis and Nigg 2009; Martel and Nigg 2006) . Thus, indirect pathways involving conscientiousness and reactive control in particular appear to be important for understanding the association between parenting and ADHD symptom dimensions.
Indirect effects also emerged for paternal involvement, such that these parenting behaviors impacted ADHD symptoms via effects on child conscientiousness. Interestingly, this pathway was not significant when examining maternal involvement as a predictor, potentially signaling some specificity of effects of maternal versus paternal parenting. While past work regarding specificity of paternal versus maternal parenting has been mixed (Gryczkowski 2010) , prior research has demonstrated the importance of parental involvement for psychopathology more generally. For example, Hawes and colleagues (2013) found that low levels of parental involvement prospectively predicted increased levels of hyperactivity/inattention symptoms across a 12-month period. Similarly, in a 3-year longitudinal study of ADHD youth, less observed parental sensitivity predicted higher levels of inattention in middle childhood (Keown 2012) . However, the current findings suggest that future exploration of parent-specific effects for ADHD may be warranted, particularly for positive parenting.
Implications
As noted earlier, questions remain regarding the role of parenting for shaping the development of ADHD versus comorbid DBDs. In line with past work by Chang and colleagues (2011) , poor supervision and inconsistent discipline exerted indirect effects on ODD and CD symptoms via child conscientiousness, indicating some overlap in regard to indirect effects involving child conscientiousness in particular. That is, it may be the case that parenting practices that serve to exacerbate underlying problems in conscientiousness and effortful control may increase risk for development of comorbid DBDs among youth with ADHD. Additionally, however, indirect effects also emerged involving agreeableness in models of parenting as a predictor of ODD. This finding is in line with past work suggesting that negative affect and agreeableness help explain the overlap between ADHD and ODD (Martel and Nigg 2006; White 1999) . Further, low levels of reactive control and agreeableness have been linked to increased hyperactivity-impulsivity specifically (Martel and Nigg 2006) ; hyperactivity-impulsivity in particular has been proposed to largely account for the overlap between ADHD and DBDs (Burns et al. 2014) . Importantly, these traits have been hypothesized to reflect disruptions of bottom-up incentive processes (e.g., delaying rewards; Nigg 2006a), and difficulties regulating emotion and self-control, as well as low levels of agreeableness and high levels of negative affect, have been implicated as robust predictors of child DBDs (Martel et al. 2012) . Thus, future work may benefit by examining the role of parenting in the emergence of such traits, as these may be crucial for understanding the development of externalizing comorbidity more generally.
In line with this, the results of the current study may be helpful for elucidating causal pathways of ADHD and comorbid DBDs, and more specifically, provide additional support for multiple pathway models of ADHD that have been developed in recent years (Sonuga-Barke 2006; Sonuga-Barke et al. 2010 ). Such models posit that top-down processes of cognitive control may be uniquely related to inattention and associated executive functioning deficits, whereas bottom-up processes are likely related with motivational or emotion-based deficits and are more closely associated with the hyperactiveimpulsive symptom dimension (and potentially with externalizing psychopathology more generally, Sonuga-Barke 2006). In particular, child conscientiousness may be important for understanding the impact of parenting on inattention difficulties specifically, whereas reactive control may be particularly useful for understanding the impact of parenting on hyperactivity-impulsivity. These findings are in line with prior work demonstrating some specificity of trait associations with ADHD symptoms, including (1) associations between effortful control and inattention symptoms of ADHD and (2) associations between reactive control and hyperactivityimpulsivity (Martel and Nigg 2006) . Consistent with these multiple-pathway theories, our findings support that inattention and hyperactivity-impulsivity symptoms of ADHD, while related, may have partially distinguishable etiologies (Sonuga-Barke 2006) .
Finally, as proposed in the model by Deater-Deckard (2014), the present findings may have implications for elucidating the influential role that parenting plays on the development of children's self-regulation skills and subsequent ADHD symptoms. Particularly with respect to conscientiousness (or effortful control) and reactive control, past work has indicated that maternal behavior (e.g., overcontrol/intrusiveness) at age 2 predicted decreased growth of children's reactive control abilities at age 5 compared to children of nonintrusive mothers. Additionally, low levels of maternal warmth at age 2 predicted lower levels of children's effortful control at age 5 (Graziano et al. 2010) . Given that the present findings highlight the importance of conscientiousness and reactive control as mediators of the association between parenting and child ADHD, further work may benefit by investigating neural processes that underpin these traits in order to better connect how parenting practices may influence adaptive and maladaptive behaviors and how those associations may be modulated across development. Additionally, parenting interventions for families of children with ADHD may benefit from targeting specific parenting behaviors of parental monitoring and inconsistent discipline as these were shown to have the strongest indirect effects on ADHD symptoms (as well as ODD and CD) via child traits of conscientiousness and reactive control in the current study.
Limitations
There are some limitations to note of the current research. First, the current study used questionnaires to assess parenting behaviors (child-report) and child ADHD symptoms (parentand teacher-report), whereas coded laboratory observations may have been informative as well (Wilson and Durbin 2012) . However, we attempted to reduce potential informant bias and effects by utilizing reports from different individuals (parent reports of temperament, child reports of parenting, combination of parent-and teacher-ratings of ADHD symptoms), even though child reports on the APQ may be less reliable among younger children. Secondly, the temporal ordering of the variables in our mediational models reflects one proposed mechanism of several and cannot be assured due to the cross-sectional nature of the data. However, the present study is the minimum hurdle for the model; if associations are not present cross-sectionally, it would be difficult to discover them longitudinally. Additionally, checks of a competing model positing that child temperament traits may influence ADHD via parenting dimensions (reflecting a childdriven conceptualization of parenting) revealed only one set of significant indirect effects, providing some additional support for our hypothesized mechanism. Lastly, the current study investigated the complex relationships between parenting, temperament, and ADHD across a broad age range of children. Notably, these relationships are dynamic across development, and the impact of similar parenting dimensions may result in adaptive or maladaptive behaviors depending on the child's stage of development. Future work would benefit from longitudinal examinations of these associations, both to clarify the temporal ordering of effects as well as to understand how development may further influence how these associations unfold over time.
Conclusion
The study was strengthened by the use of a multiple mediation framework to examine both direct and indirect effects of parenting on child ADHD via their impact on child temperament. Findings indicated that child temperament traits of reactive control and conscientiousness mediated the association between parenting and ADHD. Our findings extend recent work by elucidating potential differentiation in pathways from parenting to ADHD symptom dimensions of inattention versus hyperactivity-impulsivity, as well as provide support for the Deater-Deckard (2014) model which emphasizes the role of parental contributions in the development of children's selfregulation abilities.
